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Coughing in the rainbow trout (Salmo 
gairdneri) and the influence of pollutants 


by 


George M. HUGHES 
With 9 figures and 3 tables 


This paper was offered as a tribute to Professor Mislin on the occasion 
of his retirement in 1972, in recognition of his contribution to animal 
physiology and its relation to pollution. 


SUMMARY 


1. An account is given of the movements, pressure changes, and EMG’s that occur 
during different intensities of backward coughing of rainbow trout. Each cough consists 
of the interpolation of an additional more-or-less rapid expansion and contraction phase 
occupying between % and % of a ventilatory cycle. The movements result in a 2-5-fold 
increase in the reversal phase of the differential pressure across the gills; a more rapid 
and greater increase in its amplitude in the positive direction forces water and any 
contained particles through the gills. 


2. Coughing frequency has been used as an index for the effect of suspended pol- 
lutants circulated over the fish contained in a closed respirometer. Results indicate the 
value to pollution studies of experimental methods normally employed in respiratory 
physiology. 


3. Suspensions of wood pulp increase the coughing frequency by up to 8 or 9-fold. 
Coal waste is not so effective but also results in an increased frequency of coughing. 

Kaolin suspensions (about 80 ppm) have little effect and low concentrations of 
zinc also show a small effect. In higher concentrations, however, zinc sulphate (20 ppm) 
has a gradually increasing effect upon coughing frequency until death of the fish. 


4. It is concluded that coughing is mainly a response to some form of mechanical 
stimulation, the precise nature of which is not known. 

The typical pattern of respiratory movements in the trout was investigated using 
cinematographic, pressure, and movement recording techniques (HUGHES and SHELTON, 
1958) and subsequently their muscular basis analysed using electromyographic tech- 
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niques in addition to those previously used (BALLINTIIN and HUGHEs, 1965). During 
the course of these and comparative studies (HUGHES, 1960; BALLINTIJN, 1969), it be- 
came clear that in some species the regular respiratory rhythm is periodically interrupted 
by movements of a different type and frequently called “ coughs ”. Among freshwater 
teleosts, these movements were particularly noticeable in cyprinoid fish and their 


i 


à — 


presence has been known for a long time (BERT, 1870; KUIPER, 1907; BUTEL, 1949). 
In the initial studies, detailed attention was given to the trout, mainly because of the 


regularity of its respiratory rhythm which made it possible to analyse the movements 
and pressure changes more accurately because of the necessity to superimpose recordings 
obtained on different occasions. 

The respiratory movements before and after a cough in the tench and roach vary 
in duration and amplitude, making it extremely difficult to produce reliable superposition. 
Later trout from the same hatchery used during electromyographic studies (BALLINTIJN 
and HUGHES, 1965) showed frequent coughing, in both the holding and experimental 
tanks. These movements were largely neglected in that analysis, but formed a basis 
for the beginning of the present study. 

It has now been shown that various types of cough can be obtained under more 
controlled conditions, and that their frequency varies under different environmental 
conditions including temperature (HUGHES and ROBERTS, 1969), and the presence of 
pollutants in the water. Thus a study which was initially an analysis of a peculiar type 
of respiratory manceuvre, has provided a useful technique for investigating the effect 
of pollutants on fish. In this way some idea of the possible functions of the cough has 
been obtained. 


MATERIALS AND METHODS 


All trout were obtained from the same hatchery at Nailsworth, Glos., and kept 
in holding tanks in the laboratories for at least a week before experimentation. Initial 
experiments at Cambridge in 1963 were with fish held at the same temperature as that 
used in the laboratory. During these experiments the fish were maintained very lightly 
anaesthetised with MS 222 and held in a head clamp. In more recent studies (1966-1968), 
fish from the same hatchery were also acclimated for at least a week before cannulation 
of the buccal and/or opercular cavities under anaesthetic (MS 222). The fish were kept 
in a fully aerated circulation at about 14.5°C and the effect of varying concentrations 
of pollutant investigated by switching to an alternative circulation (fig. 1). 

The pollutants used were of three types, coal dust, wood pulp and zinc sulphate, 
and their effects were tested separately and over a narrow range of concentrations. 

The coal dust was very well-washed in water before use, and was filtered through 
sieves of varying mesh to exclude the larger particles. The size range of the particles 
used varied between 0.01 and 0.13 mm diameter, although some of the smallest particles 
may not have been measured, and 78% of the particles were between 0,01 and 0.07 mm. 
Many experiments (19) were carried out using coal dust as pollutant, most with 12 g 
dust added to 20 litres of water in the polluted water circulation, but in some experiments 
2,4 or 6 g were added. 

Flash-dried wood pulp was used as it was free from fungicide and was not chemically 
extracted. The wood pulp was washed to eliminate any lime and to be broken up into 
smaller fragments; it was added to the circulating water as an oatmeal-consistency. 
The movement of the water soon broke the pulp down further to an average diameter 
of 2 mm. In the wood pulp experiments, the concentrations used were always approxi- 
mately 5g dry pulp/20 litres water. 
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Hydrous zinc sulphate was used as pollutant in a few experiments at 10 to 20 ppm. 
Standard procedure was to allow the fish to acclimate to the experimental circulation 
| at least overnight and then during the following day to subject it to a concentration 
| of the pollutant for 2-3 h and finally to return the original water circulation in order 
to study recovery. Recordings were carried out using pressure manometers; the tech- 
niques of the earlier work have already been described (BALLINTIIN and HUGHES, 1965), 
but in more recent studies Sanborn differential manometers (268B) were used and in 
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Diagram of the circulation used for testing the effect of water containing suspended solids. 
Water flows in the direction of the large arrows and is shown circulating polluted water. 
It can be changed to circulate unpolluted water by transferring each of the four clips so that flow 
follows the smaller arrows. 


some cases the results compared with those obtained from fish held lightly anaesthetised 
in a clamp (HUGHES and ROBERTS, 1970). Electromyograms (EMG) were recorded 
using stainless steel wires inserted into the muscle by means of a hypodermic needle. 
Special attention was paid to certain muscles such as the adductor mandibulae and the 
levator hyomandibulae et arcus palatini. The signals were amplified using Tektronix 122 
preamplifiers and displayed on a Tektronix 502 or 565 oscilloscope and a Devices pen 
recorder. 

These recordings were analysed by superimposing the pressure and electromyo- 
graphic recordings; the time during which a given muscle was active being plotted with 
respect to the pressure waveform. The timing of the muscles was compared for many 
typical respiratory cycles and a comparaison made between those and the cough. 

The interval between “ coughs ” was measured on the pen recordings taken before, 


during and after pollution. Tests were carried out for significant differences in coughing 
interval. 
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RESULTS 
1. THE COUGH 


Many different respiratory manceuvres are found among fish in addition to the 
regular ventilatory movements. Some produce relatively slow and exaggerated expansion 
of the opercula and mouth and have been variously described as “ gasps ” and “ yawns ” 
(fig. 2). Coughs, however, are distinguished by the interpolation within a normal venti- 
latory cycle of movements of the jaws and opercula which produce a more rapid expan- 
sion and contraction of the buccal and opercular cavities than during a typical cycle. 
In some cases, the movements are scarcely perceptible (fig. 2) whereas in other specimens 
they may be quite marked. The precise timing of the cough with respect to the normal 
cycle is variable and analysis of manceuvres from many recordings reveals that any 
tendency for the cough to occur at a particular phase of the cycle is only slight (fig. 3). 


> 
pp. LAAJAA 





St. Hy. 

Hy. Hy. 
Bir Hy, 
Add, M. 





rica: 


Tracings of lower jaw (L.J.) and opercular (Op.) movements and pressure changes in the buccal 

(B.P.) and opercular (Op.P.) cavities together with superimposed EMG’s. St. Hy., sternohyoideus; 

Hy. Hy., hyohyoideus; Pr. Hy., protractor hyoidei; Add. M., adductor mandibulae. A relatively 

small cough (*) is followed by a normal cycle which is then succeeded by a gasp, characterised 

by marked opercular abduction (abd) and exaggerated lowering (0) of the jaw. Pressures (1 cm 
water) are given with respect to the surrounding water. (Time bar = 1 second). 
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| Differences in intensity of the cough are reflected in the nature and extent of the 
| pressure changes and electrical activity in some of the muscles. The weaker cough is 
| mainly the interpolation of an extra expansion of the cavities followed by the contraction. 
! Pressure changes during such coughs are generally greater the earlier in the cycle they 
occur; pressure changes are not as evident in the opercular cavities. An extra burst 
| of activity in the adductor mandibulae is one of the most characteristic features of the 
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FIG. 3. 


Plot to show the position of successive coughs in relation to the phase of the buccal pressure 

cycle. In specimen A, the cough is most commonly found half way through the buccal cycle. 

In B, the position of the cough is more variable but always tends to be in the opening half of the 
cycle. 


EMG’s (fig. 2). This additional burst is also found in muscles which are normally synchron- 
ous with the adductor mandibulae e.g. hyohyoideus and protractor hyoideus. Pressure 
changes within the opercular cavity are relatively small during this action; perhaps 
because extra abduction of the operculum, mainly produced by the dilator operculi, 
reduces the exit resistance from the opercular cavity. 

More intense coughing is characterised by larger pressure changes, particularly 
in the buccal cavity (figs. 4 and 5). A normal cycle is interrupted by a sudden decrease 
in pressure within the buccal cavity followed by a rapid increase to about twice the normal 
amplitude, and after this prolonged positive phase the pressure cycle returns to normal 
(fig. 4). Small pressure changes are recorded within the opercular cavity by means of 
needles; recordings from cannulae are larger probably because the rapid opercular 
movements produce more dynamic pressure effects with this mode of recording and 
there is a greater danger of movement artefacts. The differential pressures (fig. 4) clearly 
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show an extended and enhanced reversal phase, followed by a greater buccal pressure 
pump phase. The EMG’s reflect these changes and are characterised once more by an 
interruption of the closing action of the adductor mandibulae by the sudden expansion 
associated with activity in the levator hyomandibulae et arcus palatini and dilator oper- 
culi. The adductor mandibulae resumes its activity during the closing phase when the 
protractor hyoideus and hyohyoideus are also particularly active (fig. 5). 
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FIG. 4. 


Rainbow trout. Recordings of opercular movements and pressure changes in the respiratory 
cavities. The buccal and opercular pressures are shown in B, and in A simultaneous recordings 
of the buccal and differential pressure between the buccal and opercular cavities are given. 
Each set of recordings is interrupted by a single cough and in all cases the zero refers to pressure 
in the surrounding water. + and — 1 cm water calibrations are given. Arrow = Adduction. 


2. THE EFFECT OF POLLUTANTS ON COUGHING 


Recordings were analysed for any relationship between coughing and the degree 
of pollution of the inspired water. The incidence of coughing was measured every 15 
min as the interval between consecutive coughs. These intervals were plotted either for 
individuals or as means for several experiments using a number of specimens. Some 
individuals showed clear-cut results (fig. 7B) but in other cases the effects seemed less 
definite and this contributed to the wider spread of the overall data (fig. 7A). 

Experiments were further analysed by dividing the recordings into three sections, 
(a) those made at the start of an experiment before any pollutant was added, (b) record- 
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FIG. 5. 


Pressure changes in the buccal cavity of a trout during two typical ventilatory cycles 
and a single cough. 
The phases of activity of some of the main muscles as indicated 
by electromyography are given below. 
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ings during the period of pollution, and (c) recordings taken after clear water was 
recirculated over the fish. 

The mean coughing intervals of parts a, b and c were calculated and compared in 
each experiment. Students T test was applied to each experiment for a value of signifi- 
cance of difference in mean coughing interval between periods a and b, b and c, and a 
and c. The method of measuring coughing occurrence was not ideal as when two coughs 
did not fall during the 15 min recording period, the interval was recorded as infinity 
and the corresponding rate as 0. Since coughing intervals were analysed numerically, 
iments including readings of infinity were ignored. In fact, these particular experiments 
showed a clear indication of the effect of pollution. 

Correlation coefficients between time from the beginning of a period and coughing 
interval were calculated for periods b and c of each experiment. This type of analysis 
was performed because of the possibility of changes in coughing occurring as the fish 
became more used to the changed situation. Control experiments showed that there is 
some decline in coughing frequency over a period of 9 days in trout kept in the exper- 
imental circulation, but that the frequency remained substantially unchanged fot the 
relatively short duration of these experiments. There is also the possibility of delays 
in the change in concentration of pollutant which might occur as the change of water 
might not be instantaneous and complete. In the wood pulp experiments, particularly, 
it would be difficult to exclude all the small fibres from fresh water returned to the final 
Section c. 


A. Wood Pulp as a Pollutant 


In general there was a marked increase in coughing rate of about 8 to 9-fold when 
trout were exposed to a suspension of wood pulp. Coughing shows its typical pattern 
but in addition there was often a tendency for the ventilatory movements to be affected. 
Frequently their amplitude varied, normally being greater immediately after a cough 
and gradually decreasing in amplitude until the next cough (fig. 61). This effect persisted 
for some time following return to unpolluted waters. 

Ten experiments were analysed in detail (table I) and in 9 of them the mean coughing 
interval decreased when pollutant was added to the water and increased again when 
the pollutant was removed (fig. 6A). In one experiment, however, the coughing frequency 
decreased when wood pulp was added, and in another the frequency of coughing increased 
when it was removed. With these exceptions, all the results strongly support the view 
that coughing increases as a result of wood pulp pollution. Further, in 8 out of 10 cases 
the mean coughing interval when the fish was returned to clear water was reduced rela- 
tive to the coughing interval before the pollutant was added. In two experiments, how- 
ever, the mean coughing interval after pollution was less than before pollution. 

These mean values seem to indicate that the addition of pollutant is connected 
with an increase in coughing especially as a corresponding decrease occurs when the 
pollutant is removed. In some experiments, however, the scatter of individual values 
during periods a, b and c showed considerable overlap and a more stringent method of 
analysis seemed necessary. In fact, the results of the T test showed that of the 30 results 
comparing mean values of any two parts of the experiment, 19 showed a significance 
level greater than 1/10 th. Of these 19, 9 results indicated that coughing rate increased 
on addition of pollutant (i.e. interval in a greater than in b), with no results to the con- 
trary; similarly, 7 indicated that the coughing rate fell again when the pollutant was 
removed with none to the contrary. 
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FiG. 6a, D. 


A. Pressure recordings from buccal cannulae to show changes in the frequency of coughing 

which occur when a fish is subjected to a pollutant: (I), wood pulp, and (ID, coal waste. In 

each case a recording is shown before (a), during (b) and after (c) the polluted water is circulated. 
(Time bar = 1 minute). 


B. Recordings at higher speed for other experiments 
with (I and III) wood pulp, and (II) coal waste. Time marker = 1 second). 
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Effect of wood pulp on coughing of trout. 
A. Changes in interval between coughs for 7 specimens showing mean values 
and range of the values obtained. 


B. Changes in coughing frequency recorded during 3 experiments 
with trout subjected to suspensions of wood pulp fibre in the circulated water. 
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Of the 4 significant comparisons between pre — and post — pollution coughing 
frequencies, in three cases coughing was higher after pollution. As suggested above this 


may be linked with the difficulty of removing the wood pulp completely from the water 
circulating over the fish. 
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Changes in coughing frequency recorded when trout are subjected 
to coal waste suspended in the circulating water. 


A, shows the mean and range of the interval between successive coughs for 7 trout. 
In B, the frequency of coughing is plotted for three individual experiments. 
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B. Coal Dust as a Pollutant 


The buccal pressure changes during coughs (fig. 6B) were essentially the same as 
those recorded with wood pulp suspensions. The amplitude of the regular ventilatory 
movements was not so affected. Coughing frequency generally doubled (fig. 8B) but the 
effect did not seem closely related to concentration of the coal dust. 

Seventeen experiments were analysed (table II), but in three of these, part c was 
not completed so that there were only 14 comparisons between parts b and c and between 
a and c. In 13/17 cases the mean coughing rate increased on addition of pollutant while 
in the other four cases it decreased. In 11/14 cases the mean coughing rate fell again 
when the fish was returned to clear water. In 7/14 experiments, there was an increase 
in the mean coughing rate between parts a and c but in the other 7 experiments it de- 
creased. 

Of the 18 results which have less than 1/10th chance of occurring randomly, 8 
indicated that coughing rate increased on addition of coal dust as opposed to 1 which 
showed the opposite effect and 7 showed that the coughing rate dropped again when 
the fresh water was returned, with no significant results to the contrary. In only 2 cases 
was there a high degree of significance to differences between the mean rates of coughing 
during sections a and c and in both of these the fish coughed more in section c. 


C. Zinc Sulphate as a Pollutant 


As with coal dust, the general pattern of the mean values showed that coughing 
rate increases with addition of pollutant and decresaed on its removal. However, 7 out 
of 12 results are relatively non-significant (table III), and those that are significant 
are too few to be conclusive. The results of this type of pollution tend to indicate that, 
relative to the suspended pollutants, there is a delay before any change occurs and 
there is a gradual increase in the coughing frequency during exposure to the heavy metal 
pollutant. Such increases were even more marked in initial experiments with higher 
concentrations of pollutant when the fish became heavily poisoned and eventually 
died (fig. 9A). As was to be expected, following the return of the fresh water in section c, 
the level of coughing tended to be significant by greater than in section a and there was a 
more pronounced time lag during recovery. 


DISCUSSION 


1. THE NATURE AND FUNCTION OF COUGHING 


It is probable that the different intensities of cough discussed here are all varieties of 
backward coughing associated with an initial increase in negative pressure within the 
buccal cavity which is greater than that in the opercular cavities and hence increases 
the reversal of water flow across the gills. The additional and more rapid contraction 
phase, usually accompanied by greater relative closure of the mouth, tends to produce 
more forceful expulsion of water. During these manceuvres gill resistance is probably 
reduced partly by contraction of the filament adductor muscles which will aid the rapid 
reversal and reestablishment of the normal flow direction. All recordings suggest mech- 
anisms producing flows which would dislodge foreign matter and serve to clean the gills. 
The enhanced reversal phase of the differential pressure suggests that reversals may 
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Plots showing the effect of zinc on coughing frequency. A, shows the effect of 19.6 ppm zinc 

sulphate on 2 specimens, which died after being in the polluted water for 3-4 h. B, corresponding 

experiment to those carried out with suspended pollutants. The responses for three specimens 

are shown and indicate a definite effect in some cases but not for others at these lower concen- 
trations. 
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fulfil some cleaning function during the normal rhythm. The complete absence or 
relatively low intensity of coughing in many trout, both unanaesthetised and anaesthe- : 
tised, supports such an interpretation. 

The pattern of muscular co-ordination during a cough is highly characteristic but 
is by no means fixed nor is its timing within the normal ventilatory cycle. These obser- 
vations suggest that it is not a rigid reflex initiated by stimulation of some specific 
receptor and may be contrasted with the yawn reflex (MCCUTCHEON, 1970) which is 
excited by pressure stimuli to the swim bladder. Coughing frequency seems indicative 
of some general level of irritation presumably involving summation and a number 
of peripheral inputs. The observations described here support the view that mechanical 
stimuli are the most important. Wood pulp suspensions which are especially effective 
contain relatively large elongate particles. Coal dust is also effective; the size of particles 
used here are comparable to the spaces (.02 — .03 mm) found between the secondary 
lamellae of the gill sieve. The coal dust particles might be more readily dislodged by the 
coughing movements which would correlate with the increase in coughing being not 
so great during these experiments. In some early studies it was found that kaolin sus- 
pensions (80 ppm) gave little increase in coughing frequency although they are well 
known to cause deposits on the gill surface (HERBERT and MERKENS, 1961; HERBERT 
and RICHARDS, 1963) which ultimately have serious consequences because of the de- 
creased diffusing capacity of the gills. Dissolved pollutants such as zinc sulphate, and 
ammonia, also give increased coughing but not very marked unless at high levels. These 
higher concentrations give more definite increases in coughing which precede death 
and are associated with marked disturbances of the surface of the gills which might 
introduce some mechanical stimulation. Increased coughing during subjection to even 
higher concentrations was also shown by subsequent studies in this laboratory (SKIDMORE, 
1970). Surface active materials such as alkyl benzene sulphonate give marked increases 
in coughing at lower concentrations (20 ppm). 

Most of the conditions involving pollution result in increased mucus production 
by the gills which is in excess of that which is normally present. 

The nature of receptors involved in these responses is not known. Chemoreceptors 
are present along the pharyngeal surfaces of the gill arches but few receptors have been 
detected on the gill filaments and especially the secondary lamellae. Afferent and efferent 
responses to stroking of the gills have been recorded, and may be involved in coughing 
(YOUNG, 1970). In tench a separate medullary centre also seems to be concerned with 
the co-ordination of these movements (SHELTON, 1959). 


2. EFFECTIVENESS OF COUGHING 


Coughing of trout and other fish in ordinary waters can be seen to result in the 
removal of strings of mucus in which are entangled particles of different kinds. These 
movements certainly increase the removal of suspended pollutants. The absence of any 
marked effect of kaolin is of interest because coughing could scarcely be effective in 
combatting such small particulate suspensions. Coughing itself clearly involves the 
expenditure of energy which does not result directly in any increased uptake of oxygen 
by the gills. There is evidence in some specimens of an adaptation to the waters contain- 
ing suspended pollutants which would clearly have survival value in certain circumstances. 

Pollutants which interfere with gill function can result in internal hypoxia as has 
been shown for zinc (SKIDMORE, 1970). Increased coughing does not appear to be a 
primary response to such hypoxia, for trout cough less frequently when subjected to 
hypoxia by lowering the Po, of the inspired water. 


TROUT COUGHING AND POLLUTION 61 


| 3, ASSAY OF POLLUTANTS 


In the past it has been common for assay of pollutants to be carried out using 
lethal or near lethal doses and while such methods have their value, it is equally important 
to know more of the sublethal effects of pollutants and how to assay them. The tech- 

niques developed in studies of fish respiratory physiology clearly have some value in 

this respect and the methods described here are relatively simple ones to which could be 
added ECG recording and the measurement of ventilation volume and oxygen consump- 
tion by similar methods (HUGHES and SAUNDERs, 1970). The particular parameter 

_ chosen here is of especial interest with respect to suspended solid pollutants but it may 
also be important in other cases. 

Difficulties of interpretation are inevitable in studies involving sublethal concen- 
trations. In the present instance it is difficult to ascertain how much value to place on 
the results of the T tests as a high proportion of them are of such low significance. 
However, they definitely indicate an increased coughing rate during exposure to pol- 
lutants. Moreover throughout all the results the balance of significance is with those 
showing that coughing rate increases with pollution in the water, and a very high pro- 
portion of those results to the contrary are relatively non-significant. 

There are several factors to be taken into account when considering why such a high 
proportion of the results do not show a very significant difference between the means of 
any two sections in a given experiment. Most notably some external factor or factors 
may be obscuring the results and in a few cases the correlation coefficient showed a 
definite trend in coughing rates with time. Variability between individual specimens is 
also difficult to take into account. Many experiments in which there seemed to be little 
increase when subjected to polluted water, were with fish having a relatively high initial 
frequency of coughing. 

It is evident that this technique for recording coughing movements can be of value 
in studies of pollutants of natural waters even though a complete interpretation of the 
mechanism involved cannot as yet be given. Further experiments along these lines with 
other pollutants and measurement of other respiratory parameters are clearly indicated. 
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Summary of statistical analysis of wood pulp experiments (number analysed = 10) 
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Coal dust experinients (number analysed = 17) 





Probabilities of differences 


in mean values of coughing intervals occurring by chance 
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of intervals 
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1 0 0 4 1 0 
3 0 0 2 0 0 
1 0 0 0 1 0 
3 1 0 1 0 0 
1 1 0 0 1 2 
2 1 1 0 1 1 
0 0 1 1 1 íl 
2 1 1 3 2 3 
13 4 3 11 4 y 
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Zinc sulphate experiments (number analysed = 4) 
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RESUME 
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1. Des indications sont données sur les mouvements, les changements de pression 
et EMC qui, pendant les différents degrés d’intensite de la « toux rentrée » (backward 
coughing) apparaissent chez la Salmo trutta. Par « toux » on entend une intercalation 
d'une phase d’expansion et contraction plus ou moins rapide qui prend d’un quart 
à la moitié du cycle de respiration. Il en résulte une augmentation deux à cinq fois plus 
grande dans la phase de renversement de la pression différentielle dans les ouïes: l’eau 
et toutes les particules qui y sont contenues est conduite par les ouïes au moyen d’une 
plus rapide et plus forte augmentation de la pression d'amplitude vers l'extérieur. 
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| 2. La fréquence de la « coughing » sert de paramètre de répercussion a des éléments 
boueux qui ont été introduits dans un poisson tenu dans un respiromètre clos. Les 

résultats montrent la valeur des méthodes expérimentales employées pour les recherches 
Sur la pollution de l’eau. 


| 3. Le contenu de cellulose augmente de 8 à 9 fois la fréquence de « coughing ». 
La poussière de charbon n’est pas si efficace mais provoque aussi une augmentation de 

fréquence. Des solutions contenant de la caoline (environ 80 ppm) et de petites concen- 
trations de zinc sont peu efficaces. Mais dans les concentrations plus hautes le sulfate 
de zinc (20 ppm) augmente l'effet graduel sur la fréquence de toux jusqu’à la mort du 
poisson. 


4, On conlut que la « coughing » représente surtout une réponse à une forme quel- 
conque d’excitation mécanique dont le caractère exact n’est pas encore connu. 


ZUSAMMENFASSUNG 


1. Es werden Angaben über die Bewegungen, Druckveränderungen und EMC’s 
gemacht, die während verschiedener Intensitätsstufen des “Rückwärts-Hustens” (back- 
ward coughing) bei der Regenbogen-Forelle vorkommen. Als “Husten” wird die Ein- 
schiebung einer zusätzlichen, mehr oder weniger raschen Expansions — und Kontrak — 
tionsphase bezeichnet, die von einem Viertel bis zur Hälfte eines Ventilationszyklus 
einnehmen. Daraus resultiert eine 2-5 fache Erhöhung in der Umsteuerungsphase des 
Differentialdrucks über die Kiemen: das Wasser und alle darin enthaltenen Partikel 
werden jetzt also mittels einer schnelleren und stärkeren Erhöhung der Druck-Amplitude 
durch die Kiemen befördert. 


2. Die Häufigkeit des “coughing” diente als Parameter der Auswirkung suspendiert- 
er Schmutzstoffe, die dem in einem geschlossenen Respirometer gehaltenen Fisch zuge- 
führt wurden. Die Eegebnisse zeigen den Wert der angewandten experimentellen Method- 
en für Untersuchungen über die Verschmutzung von Wasser. 


3. Suspension von Zellulose erhöht die “coughing” — Frequenz bis zum 8-9 
fachen. Kohlenstaub ist nicht so wirksam, ruft aber auch eine erhöhte Frequenz hervor. 
Kaolin-Suspensionen (ca.80 ppm) und geringe Zink-Konzentrationen sind wenig 
wirksam. Bei höheren Konzentrationen aber hat Zinksulfat (20 ppm) eine sich all- 
mählich steigernde Wirkung auf die Hustenfrequenz bis zum Tode des Fisches. 


4. Es wird gefolgert, daß “coughing” hauptsächlich eine Antwort auf irgendeine 
Form mechanischen Reizes darstellt, dessen genauer Charakter noch nicht bekannt ist. 
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